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Excimer Lasers, by Darcy Poulin, John Reid, 
and Thomas Znotins 


Drilling at Lower Temperatures, by A). 
Berlin 


An Application Adjustment 


Parameters for Small Hole Drilling, 
by Jurgen Skrypczinski 


The Ideal Hole, Part 1, by James P. Block 


How to Network Your Drilling Equipment, 
by Todd S. Wedge 


Drilling Machine Design, by Mark S. Betz 
and Andre Cavin 


The Ideal Hole, Part 2, by James P. Block 


Dynamic Measurement of High-Speed 
Spindle Runout, by Robin Wilcox 


The Challenge of Micro Drilling, by Paul W. 
Friedli 


Application of Special Cutting Tools: 
Slotting, by Mark Nelson 


Designed for Drilling 


Drilling: Conquering the Multilayer 
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New Developments in Cemented Carbide | 
PCB Microdrills, by Dr. Vaun Thompson | 


Selecting Overlay Entry Materials for 
Small-Hole Drilling, by John Korbonski 
How to Drill Small Holes, by Jon M. Smith 
Drilling Protocol, by Todd S. Wedge 


Networking Your Drills: A Second 
Opinion, by Russell W. Walton 





R. Houle 


The Reasons for Edge Beveling, by Warren 


Video Training in the 80s, 
by Norman S. Einarson 


Trainee Hiring, by Bill Holland 


Learn PC Making in College? Saddleback’s 
PCT Program Leads Way, by Mike Brody 


Enthusiastic Student Looking for a School, 
by Victoria R. Allies 


Getting Training Off the Ground, 
by Victoria R. Allies 


PCB Workers Are Going to School, 
by Julia Wilson 


European PCB Education: Turning 
Corners to Catch Up with the U.S., 
by Maurice Baggott 


Developing a Technical Training 
Program, by David A. Garcia 


Getting a PCB Education, 
by Dave Blanchard 


IPC Educational Committee, by Mike Brody 


The Effect of Automation on Training 
Methods, by Tyra Pearson 


PCB Educational Opportunities 
A Commitment to Training, by Shari Frank 


Certified Operator Training, 
by John Ballarini 


Certified Management Training, 








by John Ballarini 
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Educating the PCB Manufacturing 
Employee, by Ted Stocks 


EMERGING 
TECHNOLOGIES 


| p. 87 | Sep. 89 


Fabrication Checkpoints for PCB 
Customized Electrical Specifics, 
by Martin L. Pullam 


Chip-on-Board Technology, 
by Arne Neilson 


Fit to Print, by Lillian Firestone 
Fab for TAB, by Larry E. Marcanti 


The Reawakening Interest in TAB, 
by Robin Reynolds 


Multichip Modules: An Overview, by Gary 
Geschwind and Robert M. Clary 


The Effects of MCMs on the PWB Market, 
by George Messner 


A Manufacturing Process for Tape 


Automated Bonding Pads, 
by J.E. Harris and M.P. Kalliat 


ea 
CONCERNS AND 
WASTE TREATMENT. 


Practical Recovery of Ammoniacal 
Etchant and Copper from Spent Solutions, 
by George Schore p. 22 
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GOLD SCRAP 


We Pay Top Dollar For: 
¢ Trims ¢ Tabs ¢ Routerdust 
¢ Beveldust ¢ Filters ¢ Resins 
Immediate Payment 
1-800-825-9106 
Waste Removal 
Copper Laminate, PC Boards 
FAX 301-666-2777 








MRP Co., Inc. 
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Cockeysville, MD 21030 
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Electrochemical Technology, 
by George Shore 


Cupric Chloride: Characteristics 
and Regeneration Methods, 
by James C. Swartzell 


Energy Saving in Exhaust Ventilation 
Systems, by Philip R. Welsh 


Electrolytic Recovery from Rinse Waters, 
by Claire Anne Swank 


Recycling: Translating Waste Back Into 
Dollars, by Phil Sego 


Disposal and Waste Treatment 
Considerations for Riston Aqueous 
Processing Effluents, Part 1, by PS. Strilko, 
E.X. Stanton, and W.L. Hamilton 


New Developments in the Treatment of PC 
Wastes, by Brenda A. Whalen 


So You're Installing a Wastewater 
Treatment Plant, by George Schore 


Clarification and Filtration of Metal 
Hydroxide Wastewater Solids, 
by Ray M. Shimokubo and D.J. O'Connor 


Disposal and Waste Treatment 
Considerations for Riston Aqueous 
Processing Effluents, Part 2, by Peter S. 
Strilko, EX. Stanton, and W.L. Hamilton 


Pollution Analysis, by Marshall Gurian 


Wastewater Treatment for the Electronics 
Industry, by Robert S. Capaccio 


High-Purity Water for Printed Circuit 
Board Production, by William J. Fitzpatrick 
and Laurence A. Picardi 


Industrial Wastewater Treatment 
System— Operation and Maintenance, 
by Michael Marino 


EPA Guidelines and Standards Update, 
by Robert S. Capaccio 


Filter Presses: An ROI for the User, 
by Robert 0. Hoffland 


1984 Is Now, Are You Ready?, 
by James R. Sutherland 


U.S. EPA Adopts Metal Finishing 
Pretreatment Regulations, by Daniel 
Pierce, Jr., and Robert S. Capaccio 
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Wastewater Control, by Gwen Coppersmith 
Case History: Wastewater Treatment 


Recovery: A New Approach, 
by George D. Mitchell 


Pore Pressure, by Jacob Schorr 


EPA Effluent Compliance and Sludge 
Control, by Sam F. Heleba 


The Whys and Wherefores of Cascade 
Rinsing, by Don Ball and Joe Curcio 


Solvent Recycling: From Poison to Profit, 
by Tony L. Tripi 


The Goals and Techniques of 
Environmental Audits, by Kenneth R. 
Myers and Thomas F. McCaffery III 


Environmental Update for the Printed 
Circuit Industry, by Mabbett, Capaccio & 
Associates Inc. 


Recyclable Materials, by Brenda Whalen 


New Filter Media for the Printed Circuit 
Industry, by Gary P. Hammond 


Utilizing a Programmable Controller to 
Meet Clean Water Standards, by Robert A. 
DeBisschop 

Personal Computers and Wastewater 
Treatment, by John Lowry and Kevin 
Warheit 


Three Steps to Environmental 
Compliance, by Greg Cummings 


Secondary Gold Supply and Recovery 
Electrolytic Recovery of Precious and 
Common Metals, by Edward F. Hradil and 
George Hradil 


Case Study: Wastewater Treatment 


Waste Reduction vs. Waste Minimization, 
by Les A. Cartier 


Source Reduction and Resource Recovery, 
by Robert S. Capaccio 


Hazard Communication, by Tim Bormann 


Recycling vs. Treatment and Disposal of 
Metallic Waste: A Comparison, 
by Janet Tate 


Cyclone Separation, by Bob Hamilton 
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Package Distillation Units for Solvent 
Recovery, by Stephen Palmer and Marc 
Breton 


Case Study: Advanced Wastewater 
Treatment 


Case Study: Reducing Sludge Disposal 
Costs 


No Waste Out, by Charles L. Hallier 
Case Study: Beyond Compliance 


A Basic Approach to Wastewater 
Treatment, by Jeffrey M. Dornoff 


Chlorine Utilization, by Dale Danver 


Wastewater Treatment for Electroless 
Copper Plating, by Mabbett, Capaccio & 
Associates Inc. 


State Summary, by Mabbett, Capaccio & 
Associates Inc. 


Proposition 65: How Far Will it Go?, 
by Michele B. Corash 


Electroplating Waste Minimization, 
by Stephen J. Medved and Larry D. Lee 


Technologies for Waste Treatment: 
Advanced Reverse Osmosis, 
by Ronald R. Rich 


Technologies for Waste Treatmeni: 
Liquid Ion Exchange/Electrowinning, 
by Dr. Wil Spaul 


Technologies for Waste Treatment: 
Organic Polymer Precipitation, 

by Joseph McDonald 

Compliance Help, by John S. Schroeder 


Right To Know in the PCB Shop, 
by Rene C. Gallet 


Environmental Compliance at Unisys, 
by Duane Dittberner and Tod Wilson 


Look Before You Heap, by David Brickley 


Environmental Compliance in Europe, 
by Gustav H. Beyer and Dr. Hans W. Lieber 


Evaporation Technology: A Tool for Waste 
Minimization, by Terence P. Driscoll 


Seven Crucial Issues in lon Exchange, 
by M. Hosea, P. Nelis, M. Mayne, and M. 
Greene 
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Ion Exchange in a PCB Facility, 
by Mitchell Sprinkle 


Wastewater Control 


Controlling Particulate Contamination in 
Baths, by Seyda Ayral, Ph.D. 


Environmental Stewardship in Product 
Development, by Peter S. Strilko 


Can Chemistry Be Environmentally 
Attractive?, by William Bracht and Anthony 
Piano 


ETCHING 


Printed Circuit Etching Equipment, 
by Malcolm G. Ross 


To B.E.A.C. or Not to B.E.A.C. (Ferric 
Chloride as a Cost-Efficient Etchant), 
by Stephen P. Wall 


Producing Experience with 
Peroxide/Sulfuric Etching, 
by John P. Castillo 


Alternatives: Vertical Precision Etching, 
by Howard A. Rosenberg 


Alternatives: Sulfuric Oxide Etcher, 
by Don P. Pender and Marshall I. Gurian 


Hydrogen Peroxide Sulfuric Etchers: 
The Next Generation, by Budd Warshauer 


Troubleshooting the Etching Process, 
by Dennis Fritz 


Etching Parameters: Their Individual and 
Collective Impact on High-Density Circuit 
Production, by James C. Swartzell 


A New Approach to Copper Etching, 
by the Shipley Co. 


Alkaline Etching Systems, by Nancy Davin 


Closing the Loop on Etchants, 
by Brenda Whalen 


Problem Solving with Peroxide/Sulfuric 
Final Etchants, by A.G. Steger 


Etching Equipment and Technology, 
by Dr. Marshall I. Gurian and Brian Cremer 


























Electrolytic Regeneration of Etching 
Solutions, by M.R. Hillis 


The Evolving Technology of Etching, 
by C. Mohr 


Optimizing Peroxide Sulfuric Etching 
Systems, by Janet Tate 


Peroxide-Sulfuric Etching, 
by Robert J. LaBombard 


Copper Etching with Sulfuric 
Acid/Hydrogen Peroxide, by D.A. Luke 


Pumps Keep Etching Lines Moving, 
by Ed Margus 


Stabilized Peroxide-Sulfuric Acid 
Etchants, by Allan H. Reed 


Metallic Etch Resists, by Wiliam Sepp 


Etching Technology Overview, 
by Marshall Gurian 


Fine Lines: How to Evaluate 
Developing and Etching, 
by Donald Ball and Randal Campbell 


Copper Etching Process for Fine-Line 
PCBs, by Anthony H. Sweet, Norvell J. 
Nelson, and James F. Batte 


An Expert System Addresses Alkaline 
Etchant Problems, by Irving L. Klavan 


Fine-Line Etching Using Ammoniacal 
Etchant, by C.W. Gibson 


Etching Electrodeposited Copper Foil, 
by James F. Battey, Norvell Nelson, and 
Phillip A. Marten 


Evaluation of Fluorocarbon Etchants, 
by Carl Brogado 


Fine-Line Roundtable, by Dave Blanchard 


Solving the Dilemma of Surface-Mounted 
Devices, by Jerry Holly 


Screen Printing and Fine-Line 
Technology, by Michael L. Lemons 

















Reliable Fine-Line Wet Processing, Rolled Copper for Flex Applications, 
by Marshall I. Gurian ’ by Wei-Cheng Chan ; Mar. 90 


Controlled Impedance Through the Use of Rigid Flex: Forming the Future Mar. 90 
Thin Copper Foils, by Tommy Hertzberg 


Optimizing Formable Laminate, 
Fine-Line Processing: The 90s Are Here!, by William W. Schamback Mar. 90 
by Dr. Marshall Gurian 


Flexible Circuitry: What Are We Doing 
Survey of Fine-Line Yields, About the ’90s?, by William Jacobi yy Mar. 90 
by Daniel J. McCue 








Selling Flex Circuits, by Bill Kelly . 85 | Mar. 90 





Rigid Flex Delamination, 


FLEXIBLE CIRCUITRY |iadiaiiacieias Sep. 90 
FRONT-END 
Realistic Guidelines for Flexible Circutts, E N G N E E R N G 


by Steve Gurley 








How to Select a Flexible Electrical CAD/CAM: From Design to Production 
Laminate, by T.H. Shepler 
Testing Your CAD Savvy, by Lee D. Smith 
Report on Multilayered Rigid-Flexible 
Printed Wiring Boards, by Dennis Cantwell | p. Quality From CAM, by Gary Feltham 


Flex Circuit Manufacturing and Computer-Aided Tooling for PCBs: 
Commercial Applications, Selecting and Implementing a CAT 
by Keith L. Casson ; Sep. 83 | System, by Dave Wedeking 











Considerations for Flex Circuitry Design, 
by ES. Gurley and R.D. Bell . Jan. 84 


RGL entTeRPRISES 


Screened-On Covercoats for Flexible 


Circuits, by Richard McConnell . 63 | Aug. 84 Eff e ctively D 0 U B LE your 
Rigid Flex Takes Flight, by Dennis Cantwell Apr. 86 C APITOL EQUIPMENT BU DG ET! | 
Application and Fabrication of Rigid-Flex WE HAVE NEARLY NEW EQUIPMENT 
oe ee ee si hen *DRILLS & ROUTERS —* LAMINATION PRESSES 
Flex Relief, by Shoeb A. Moiyadi ’ Oct. 88 e LAMINATORS ¢ SCREENING SYSTEMS 
Manufacturing Flex Circuits Just-in-Time, ¢ EXPOSURE UNITS ¢ MICROSCOPES 

s sialaataens 42 | Oct. 88 | TT . scruppers + AOI 

Copper Foils for Flex Circuits, e DEVELOPERS e ELECTRICAL TEST 


by Chris M. Schreiber . Oct. 88 

¢ ETCHERS ¢ OMEGA METERS 
The Case for Treated Weight, 3 . 
by Paul C. Marx and Dwight D. Naseth ‘ Oct. 88 STRIPPERS ASSEMBLY EQUIP. 


¢ PLATING LINES e INSERTERS 
e DRYERS ¢ PICK & PLACE 


CERF Boards, by Dennis J. Cantwell .55 | Mar. 89 


Design Considerations for Surface Mount 4 sd 
on Flexible Circuitry, by Joseph C. Fjelstad Oct. 89 — ee 


20 YEARS PCB EXPERIENCE 
Rigid Flex and Flexible Circuttry: 
A Subsystem Packaging Technique, CALL FAX 
by Russ Griffith ’ Mar. 90 602-996-0800 602-996-6005 
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Computer-Aided Tooling for PCBs: 
Managing a CAT System, by Joe Shaddix 


CAD and ATE, by Stan Ruggio 
First-Generation Studies, by Fred Jacoby 


Customer Liason in Preproduction 
Engineering, by Victor Avdonin 


IPC-D-350B: PWB Tooling’s Missing Link, 
by Robert C. Henningsgard 


Standards in Data Communication, 
by Scott Hansohn 


Ten Tips for Getting the Most Out 
of a CAM System, by Mary Rabe 


Front-End Automation: The European 
Perspective, by Patrick Martin 


Communicating with Your Customers 
—by Modem!, by Russell W. Walton 


Future Directions in Front-End 
Technology, by Frank Loy 


Bringing Design into the PCB Shop, 
by Ernst Uhlman 




















ADVANCED SAVINGS 


Hercules Cut Sheet Laminator 24" 
with Autocentering. Rebuilt. Six 


Also in stock, Trace 250V 
Optrotech AOI, Orbot AOI 


ADV —_~ 


714/723-5650 
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Communicating with Your Customers 
—by Modem!, Part 2, by Russell W. Walton 


PC FAB Postcard Poll: CAD/CAM 


Fine-Line Reproduction in Dry-Film 
Photoresist, Part 1, by J. Rath, M. Fullerton, 
T. Yamakazi, and L. Fullwood 


Fine-Line Reproduction in Dry-Film 
Photoresist, Part 2, by J. Rath, M. Fullerton, 
T. Yamakazi, and L. Fullwood 


Status of PCB Exposure Machines, 
by Thomas A. Richter 


Resist Stripping, by Buzz Steger 
A Tale of Two Solvents, by Jeanne Giroux 


A Cost Analysis for Imaging PC Boards, 
by Steve Leisham 


Waste Makes Paste, by Dennis Levering 


The U.S. Market for Dry-Film 
Photopolymers, by Robert Karlsruher 


Automatic Ph-Controlled Replenishment 
of Developers for Aqueous-Processable 
Dry-Film Resists, by Earl Hackett and 
Robert Wopschall 


Radiometers and Exposure Control for 
Dry-Film Photoresist 


Image Transfer Processing: The Missing 
Link, by Richard Geatty 


Totally Aqueous Dry Film Comes of Age, 
by Conrad Crymes 


Very Fine Line Imaging: Part 1, 
by Kerry Grimes 


Very Fine Line Imaging: Part 2, 
by Kerry Grimes 


Getting the Best Dry-Film Performance, 
by Jane Hrehocik Clampitt 


Vertical vs. Horizontal Developing of Dry- 
Film Photoresist, by Robert J. LaBombard 


Fully Aqueous Stripping of Dry-Film 
Photoresist, by Robert M. Cole 
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Imaging in the ’80s, by Donna J. Esposito 


Modification Units Technology, 
by C.T. Mayhall 


Laser Artwork Generation, 
by Dr. Chris James 


Environmental Considerations for 
Photoplotter Installations, 
by Wick McCaleb 


How to Measure and Evaluate Collimation 
in PCB Printers, by Phil Bonnice 


Process Latitude of Aqueous Resist in 
Print-and-Etch Processes, 
by Michael P. Palazzola 


Image Application: Screen Printing vs. 
Dry Film 


Solvent vs. Aqueous Dry-Film Photoresist, 
by Daniel D. Feinberg 


Automating the Photoimaging Process, 
by Ron Watts 


Thick Photoresist Technology, 
by Robert T. Currier and Stephen G. Mearig 


Assessing the Financial Impact of Dry- 
Film Imaging, by T.P. Mulholland 


Recent Advances in Laser Direct Imaging 
Sor PWBs, by G.Y.Y. Chen 


Improved Solvent Strippers for Fine-Line 
PWBs, by Wesley L. Archer and Susan M. 
Dallesandro 

Photoresist Update, by Donna J. Esposito 
The Invasion of Europe, by Jim Bass 


Why Use Proprietary Photoresist 
Strippers?, by Gary Weidner 


Laser Tag, by Donna J. Esposito 


A Little Light on Fine Lines, 
by Robert H. Breedlove 


Evaluating Photoresist Strip Solutions, 
by Charles Harvey 


Performance Evaluation of Aqueous 
Resist Strippers, by Sebastian L. Amadi 


High-Impact Spraying for Photoresist 
Processing, by Ceferino G. Gonzalez 


Dry-Film Resist Stripping, by Peter R. Rose 
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Liquid Photoresists for Fine-Line Imaging, 
by K. John, G.G. Perrin, Jr., $. Simoliunas, 
and A. Tomson 


Improving Fine-Line Resolution with 
High-Intensity Exposure, 
by Douglas J. Heden 


Printed Wiring Board Direct Imaging, 
by Dwight Cook 


Keys to Fine-Line Fabrication, Part 1: 
Surface Preparation, 
by Madan M.B. Jagernauth 


Keys to Fine-Line Imaging, Part 2: 
Imaging, by Madan M.B. Jagernauth 


Case Study: Automating Imaging Transfer 


The Revival of Liquid Photoresist, 
by Peter J. Oleske and Donald B. Jones 


An Overview of Dry-Film Imaging 
Chemistry, by Elmer Hayes 


A New Process for Direct Imaging, 
by Harold Lake and Paul Grandmont 


A New Method for Direct Imaging, 
by S.K. Holian and Dr. N. Bergstrom 


Dry-Film Demands, by B.C. Linsdell 
Response Surface Analysis of DFP 
Exposure/Development Latitude, 

by Richard T. Mayes 

The Fine-Line Challenge, by John C. Carroll 
Precision Imaging with Collimated Light 
Sources, by Jules Schneider and Donald 


Van Arnam 


Perspective on Cleanrooms, 
by Lyle R. Wallig 


Print and Etch Yields, by Robert Almond 
Standards and Practices for the 
Contamination Control Industry, 


by Rita C. Peters 


Collimated Light from a User’s Viewpoint, 
by Samuel C. Miller 


Freeze Frame 


Collimated Exposure Systems, 
by Warren R. Houle 
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CAD Data Conversion and Electron Beam 
Deflection Control, by Hiroaki Tobuse, 
Susumu Hosinouchi, and Hidenobu 
Murakami 


An Update on Liquid Primary Resists, 
by Dr. Nick Ivory 


Improving Conformance and 
Yields with Wet Lamination, 
by Elmer Hayes and Jane Carraway 


Innerlayer Imaging Using Cataphoretic 
Electrodeposition, by Art Wolfrum 


LAMINATES 


Laminates: Key Trends and Developments, 
by Paul Benke and Brian Fisher 


Some Characteristics of the 
Decomposition of Brominated Epoxy 
Resin Fiberglass Laminate, 

by Christine C. Ryan 


Producing Metal Core Boards, 
by Dennis Cantwell and James Donnelly 
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Kevlar as the Reinforcing Fiber in Printed 
Wiring Board Materials, by Carl T. Brooks 


Laminate Testing, by Jerald L. Robertson 
Laminate Overview 


Laminate Porosity Causes Blow Holes, 
by J.F. Nejedlik and A.M. DeSantis 


Laminates and Linear Programming, 
by Gerald Dwyer and Dr. Pat Sweeney 


Dimensional Stability/Instability?, 
by Ken Tannehill 


How to Select a Flexible Electrical 
Laminate, by T.H. Shepler 


New Flame Retardant for Epoxy Glass 
Laminates, by E.R. Fretz and J. Green 


Reliable Ultrathin Copper Foil for Fine- 
Line Applications, by Peter Nilsson 


The Thermal Zone Concept, 
by George Smith 


Spinning a Glass Fiber Yarn, 
by Gary N. Bolen 


Epoxy Resins in Electrical Laminates, 
by Dr. Paul M. Craven 


Prepreg Selection, Storage and Use, 
by Dr. Paul M. Craven 


New Copper Foils for High-Density 
Multilayers, by 1.J. Hutkin 


Exploring the Brown-Board Option, 
by Bruce Morgen 


Weaving Fiberglass Cloth for Laminates, 
by Joel Murray 


Polyimide Materials and Multilayers, 
by Marsha Beam 


Trend Towards Increased Use of 
Polyimides to Continue, by R. Scott Mapes 


Tetrafunctional Epoxy Resin Systems, 
by David R. McGowan 


Reliability Testing of Thin-Core Laminate 
and Prepreg, by J.T. Bartholomew 
and A.R. Senese 


Epoxy Resin Laminating Technology, 
by Mark L. Massey 


A New High-Performance Epoxy System, 
by Robert Urscheler 











Polymer Multilayers for Chip Carrier 
Applications, by Larry Hayes 


Dimensional Stability of Epoxy Glass 
Laminates, by John Bartholomew 


Analysis and Resolution of Copper 
Migration, by Renzo B. Detoma 


Drilling, Punching and Routing 
PTFE/Glass Boards for Microwave 
Circuitry 


Surface Mounting on Elastomer-Coated 
Substrates, by Ernie Jamieson 


Improving PCB Performance With 
Thermoplastic and Metal Core Substrates, 
by Dave Frisch and Francis J. Nuzzi 


Chemistry and Laminates, 
by Cheryl A. Deckert 


Polyimide PWBs—Materials and Process, 
by Chester L. Guiles 


The Use of SQC for Laminate Production, 
by Karl A. Sauter 


High-Performance Epoxy Materials, 
by Mike Brody 


Polyimide Notebook, by Valerie A. St. Cyr 
Copper-Clad Invar as a Constraining Core 
for Reliable LCC Applications, 

by Foster Gray, Linda Cartwright, and 

Scott Lindblom 

Higher Reliability, by Paul Wanko 


Copper Foil Technology, 
by G.D. Bucci and R.D. Savage 


Constructing PWBs with Copper- 
Invar-Copper, by Louis J. Boccia 


Molded Wiring Board Materials and 
Processes, by William Jacobi and Michael 
Kirsch 


Incoming Laminate Inspection, 
by Gregory P. Hostetler 


Laminate Review: The Heat is On, 
by Dave Blanchard 


Polyimide Processing, by Vincent H. Noto 


Injection-Molded Thermoplastic Boards, 
by Jack Travis and John Gangel 
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Ceramic Mica-Reinforced Dimensionally 
Stable Laminates, by Syed N. Hoda 


Tips for Processing Microwave Circuit 
Boards, by Michael P. Casper and Ron 
Petrick 


Manufacturing PCBs with Invar Cores, 
by John M. Knodle 


SMT Demands on PCB Substrates, 
by A. Mahammad Ibrahim 


Substrate Selection for SMT 
Compatibility, by Manfred Huschka 


The Impact of Metal-Cored Multilayer 
Boards, by Geoffrey C. Wilson 


Processing PTFE Materials, by Bob Deitz 


Developments in High-Temperature 
Laminates, by David McGowan 


A Methodology for Materials Receiving 
Inspection, by Chuck M. Schenetzke 


Bake Cycle Survey, by Michaela Brody 


A New Method Produces Copper-Clad 
Laminate 


Limitation of Chemical Cleaning for 
Copper-Clad Laminate Surfaces, 

by Young J. Kim 

New Copper Surface Treatment for 
Polyimide Multilayer PWBs, 

by Haruo Akahoshi, Yoshihiro Suzuki, 
Kiyonori Kogawa, and Motoyo Wajima 


A New Low Dielectric Material for PCBs, 
by William W. Snyder 


Processing CIC PWBs, by Stephen E. Morris 


Critical Mix-Up, 
by Gene F. Edelman and Tim Nguyen 


Surface Treatment for Optimal Bonding 
Film Performance, by John C. Frankosky 


Keeping Score, by Michael Sleppin 


New Employee Orientation: A Multimedia 
Approach, by David G. Akillian 
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Keeping a Troubleshooting Log for Fun Hiring Professionals: How to Reduce the 
and Profit, by James D. Curtis Jun. 81 | Pain, Part 1, by John Wentworth 


Cash-Flow Blues, by Jim Hommerding and Space Management: How to Convert Cube 
Bob Kost ’ Mar. 82 | énto Cash, by Jim M. McCarron 


Maximizing Productivity, by the Uvonics Implementing a Program of Shared 
Co. y Mar. 82 | Management Responsibility at a PWB 
Plant, by Gene Hendrickson 

Develop a Sound Banking Relationship, 
by Donald W. Hunt : May 82 Independent Partnerships—A Business 
Megatrend, by David Dibble 

Business Failures Among PC Shops, Part 1, 
by Mohan A. Raj : May 82 | Shop Floor Control Systems: Where to Start 
and When, by Annetta Walker 

Business Failures Among PC Shops, Part 2, 
by Mohan A. Raj 4 Jun. 82 | Zax Code Impedes Small-Business Growth, 
by Alan R. Hopkinson 

Tripping Up Cheaters Inside the Company ’ Sep. 82 
Hiring Professionals: How to Reduce the 
Say, U.L....What Can You Do For Me?, Pain, Part 2, by John Wentworth 

by Jay Furness Sep. 82 
Hiring Professionals: How to Reduce the 
Employee Motivation, by Mohan A. Raj Sep. 82 | Pain, Part 3, by John Wentworth 


The PC Labor Pool is Dry, Managing the ‘Factory with a Future,” 
by Victoria R. Allies ’ Sep. 82 by Vernon E. Estes 


Improving Motivation, by Mohan A. Raj ’ Oct. 82 | Hiring Professionals: How to Reduce the 
Pain, Part 4, by John Wentworth 

Middle Management: The Most Difficult 
Job Around, by L. Douglas Wilson ; Nov. 82 | Engineering Communication Skills: 
A Basic Luxury, by Gary Multer 
Circuit Associations Offer Info Exchange, 
by Mike Brody Mar. 83 | Zeam Management: An Organizational 
Approach for the Future, by Michael 0. 
Computerized Management and Control Flatt 

for the PCB Manufacturer: A System 
Specification Guide, by Jo Wynshenk Mar. 83 | Developing a Technical Training 
Program, by David A. Garcia 
Sales Personnel Selection, 
by Michael Sleppin . May 83 | Evaluating Your High-Tech Insurance 
Program, by Tom Cornwall 











Improving Employee Relations, 
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The Multisignal Layer Etch Cutting 
Process, by Rodolfo Archbold and Mike 
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An Evaluation of a Brown Oxide for MLBs, 
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Vacuum Lamination Using a Hydraulic 
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Multilayer Lamination Methods and 
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Sophisticated, by Michael Angelo 


Dimensional Stability, Part 2, by Gary B. 
Roush and Brenda Boller 


Improved Oxide Treatments for 
Multilayer Fabrication, by Edward Chu and 
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High-Speed Acid Copper Plating, by Jack F. 
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Improved Rinsing Techniques for 
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Plated Through-Hole Reliability, 
by Dr. Fred Fehrer 


Through-Hole Plating Technology, by Brian 
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Your Plating Bath 
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Additive Resist, by Brian T. Patterson and 
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Successful SPC Takes Time, by Jack 
Hradesky 


Understanding Relationships Between 
Process Control Indices, by Douglas J. Sober 
and Willard Love 


Collecting and Using SPC Data, by George 
Hroundas 


Strategic Quality: A Recipe for New-Age 
Thinking, by Gregory C. Masciana 


SPC Made Easy, by Dave Dibble 


The Decomputerization of SPC, by Doug 
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Total Quality Program for PCB 
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by Richard S. Breslin 


Journey Into Darkness, by Keith Coleman 
Know Your Legend Inks, by Daniel J. Loskot 


Primary Imaging Via Screen Printing, 
by Dan Loskot 


Two Important Aspects of Screen Printing: 
The Environment and Technique, by Gary 
A. Weidner 


Screen Printing Update, by Bob Nersesian 


Image Application: Screen Printing vs. 
Dry Film, by John Evans 


Screen Printing—The Real-World Facts: 
Part 1, by Michael L. Lemons 


Achieving Consistency and Improving 
Quality in the Screening Area, by John A. 
Marshall 


Screen Printing—The Real-World Facts: 
Part 2, by Michael L. Lemons 











Screen Printing Thermal Solder Mask: 
Metamorphosis or Extinction?, by John 
Barber 


Screen Process Printing Techniques, 
by Mike Young 


Screen Blotting, by Michael L. Lemons 


The Yield Destroyer: Screen Printing 
Solder Mask, by Michael L. Lemons 


Screen Printing: Troubleshooting Guide 
Screen Printing Terminology 
A New Technique for Screening 


Photoimageable Solder Masks, by Matthew 
T. Holzmann 




















SCREEN PRINTERS 


Used/Reconditioned 


HeEeEKKHKEHKEE EE € 


* Autoroll * Cugher 

* Argon * Fine Line 
* Alfra * Svecia 

* All equipment warranted 

* Chases inventoried 

* We service all equipment 


**** FINANCING AVAILABLE **** 
Inquiries Call 
619/722-3200 
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TECHNICAL BREAKTHROUGH! 


NO-RESIDUE TAPE 


High Temperature Composite Tape 
For Hot Air Leveling & Wave Solder 





oe Reduce Solvents, Less Cleaning 
oe- Saves Time in Rework 
oe Improves Board Quality 





We Guarantee It! 
Deer Brand® CM8R Tape 
Circle Card# For FREE ROLL! 


Try It For Your Application! 
Available Exclusively From: 





- Manufacturing 
& Handling 
LIMITED Equipment 








145 Flanders Road, Bethlehem, CT 06751 USA 203/266-5314 
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SOLDERABILITY 


Solder Mask/Solder Flux Evaluation Using 
a System Approach, by C. J. Tautscher and 
M.J. Barmuta 


The Rough or Grainy Solder Phenomenon, 
by Ronald A. Bulwith 


Preventing Wave Solder Defects, by David 
C. Bello 


Solderable Finishes for Surface-Mount 
Substrates, by Bob Willis 








SOLDER LEVELING 


Infrared Solder Fusing, by Carson Richert 


Selective Solder Coating: Solving Your 
Customer’s Problems, by Charles R. Smith 


Troubleshooting the IR Fusing Process, 
by Mike Palazzola 


The Application of Hot-Air Leveling to 
Printed Wiring Board Fabrication, by Paul 
J. Bud 


The Mechanics of IR Fusing: Maintenance 
and Components, by Carson Richert 


Vapor Phase for the Fluxless Fusion of 
Tin/lead Electroplated PCBs, by Harold 
Hyman 


SMOBC with “Electroless” Tin, by Jack D. 
Fellman 


A User's Viewpoint of Vapor-Phase Fusing, 
by Russ B. Foley 


Quality Aspects of Hot-Air Solder Leveling, 
by Greg C. Masciana 


SMOBC in ’83, by Jack Fellman 


Hot-Air Leveling—The Process and the 
Product, by Odilon Cardenas 


A History of Solder Leveling, by Keith 
Oxford 


Surface Preparation for Selective Solder 
Coating, by Nimal Liyanage 








Hot-Air Leveling, by Albert Fishfeld 





Fluxless Fusion Process for PCBs, by Carol | Hot-Air Leveling: Today's Requirements, | 
M. Moss |p. | Feb. 85 | Tomorrow's Potential, by Andrew A. Miller | p. 81 


Automation in Hot-Air Leveling, | Solder Leveling of Surface-Mount Boards, | 
by D. Hatfield | p. 18 | Oct. 85 | by Nimal Liyanage | p. 60 


Fusing Flux Residues, by Tom Steinhoff —_|p. 152 | Nov. 85 | Hot-Air Solder Leveling, by Michael Sleppin | p. 54 





The Relationship of Cleaning Copper to The State of Solder Leveling 
Solder Leveling, by Theodore Sulzberg, Fred _| | 
Shubert, and W. Darlene Brewster ip. 118] Oct. 86 














SOLDER siteces SCREENING 
DRY FILM ER 


N SOLDER PASTE SCREENING 

DRY FILM SOLDER MASK SERVICE 
Oo HOT AIR LEVELING 

LIQUID PHOTOIMAGEABLE MASKS 


ARTICLE? 


WANT A 


CLOSER 
LOOK? X-RAY THICKNESS MEASUREMENT 


ATG BARE BOARD TESTING 


. Summatek’s experience and quality 
Do you want a copy of workmanship will save you time, money, and 
an article listed in the headaches. From solder stripping to hot air leveling, 
PC FAB index? For peat eaprimcestng oo 


: ; (or just the part you x 
more information on 


ordering and pricing, 
contact Miller Freeman TRENTON « DALLAS « CHICAGO « SAN FRANCISCO 
Inc., 2000 Powers 
Ferry Center, 

Suite 450, Marietta, 
GA 30067, 

Phone (404) 952-1303, 
FAX (404) 952-6461. 
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SOLDER MASKS 


UV and Thermal Cure Inks, by Dennis Fritz 


A Guide to the Use of Solder Masks, by Des 
Dean 


UV Cure—Now It Begins, by Robert M. 
Nersesian 


Determining Relative Degree of Cure in 
UV-Curable Process Resists, by William R. 
Collins 


UV-Curable Solder Resists, by Larry Fisher 


A Synopsis of Solder Mask Coatings, by Carl 
Tautscher 


Improved End-Use Properties with New 
Dry-Film Mask Process, by Emery J. 
Gorondy 


Electrical and Environmental Testing of 
UV-Curable and Dry-Film Solder Masks, by 
Phillip J. Dudley 








UV Solder Masks as Insulators for PCBs, 
by Neil S. Fox 


Solder Mask: An Overview, by Michael J. 
Barmuta 


Polymer Solder Mask Testing: A Progress 
Report, by Marta M. Minadeo and George A. 
Smith 


Photoimageable Solder Mask: Not a “Dry” 
Subject, by Dave Simpkins 


Accelerated Life Testing of Small- 
Geometry PCBs, by Robert R. Sutherland and 
Ian D.E. Videlo 


An Overview of Solder Resists, by Kevin 
Merchel 


The Processing of Dry-Film Solder Masks, 
by Larry J. Fisher 


SMOBC: Substrate Preparation and Solder 
Mask Application, by Gary A. Weidner and 
Stephen J. LaCroce 


Solder Mask Imaging—Bleed, by Steven M. 
Johnson and Gray McQuarrie 








Choosing a Solder Mask, by M.A. Cockett 











FOR SALE - HI QUALITY 


USED EQUIPMENT, REBUILT TO 
CUSTOMER SPECIFICATIONS 


Drill Excellon XL-3 w/CNC-4 39,000 
Drill DAC D/R/P 3 station 
Router Trudrill 93 D/R 


e Programer Excellon OPIC Il w/PPS & Floppy 
Programer_ Excellon OPIC III 
Exposure ORC 210B 3KW 
Exposure — Colight 824 Single Drawer . 


Exposure  Colight Scanex || 42x62 
Screener Sevicia SSPC 

Screener Autoroll 720 

Ifo] oN d(e]|- Mmmm (-col lal (om cale| M740 Kelelom. MUlal lolol) 


PERFORMANCE PRODUCTS: favics  Sanuliteni/mecovery, 


© Solders 


¢ Fluxes and Cleaners 
© Resist Products 
° Testing Instruments 


Pumice IS Pumex w/Recovery 

Developer CC 547-30.4 Pump Dual Chamber 

Etcher CC 547-30 Double Chamber L/R 36,000 
Etcher CC 547-30 Alk w/Solderbrite L/R KYAltl0) 
Etcher CC 547-20 Alk w/Solderbrite L/R 8 
Etcher CC 547-20 Alk S/R 

Stripper CC 547-40 Cascade & Dry S/R 

Stripper CC 547-30 Double Cscd & Dry, L/R 

Stripper CC 547-20 Cascade & Dry L/R 

Stripper DEA 2400 w/Dry 

Clean Line CC 547-30 Innerlayer Dry L/R 


Solder Strip CC 547-20 L/R 

Solder Strip CC 547-30 L/R 

eC S Laminator - DuPont HRL - w 
” Laminator DuPont 300 w 


Laminator DuPont 


PC Fabrication Products Division eer Bune 


Press Wab 


600 ROUTE 440 Press Vole) 


Press PHI 18 1/2x36 1/2 2 open elec 


JERSEY CITY, NJ 07304 Testing Omega Meter 500 


Testing Optek 102 Optical Viewer 


(201) 434-6778 Testing Optrotech 107 AO! 3,00 
FAX: 201-434-7033 : Plating Lines, Rectifiers, Ovens, Lab Equip 


len e0]0ve mai ake) M-x0 101] oMm (oModalolosy-Micolan 
FINANCING ARRANGED ON NEW & USED EQUIPMENT 


PC BOARD EQUIPMENT INTERNATIONAL 
213/408-6777 Fax 213/408-1493 
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Solder Mask Process Optimization, 
by P. Isaacs, L. Johnson, and R. Nedbalski 


Case Study: Automating a Solder Mask 
Operation 


Vapor Phase Condensation Heating for 
Curing of Solder Mask, by Larry Ennett and 
Larry Headrick 


The Liquid Photoimageables, by Donna J. 
Esposito 


A Process for Automatically Defining and 
“egistering a UV-Curable Solder Mask, 
by G.B. Fefferman 


The Continuous-Flow Dry-Film Solder 
Mask Process, by Emery J. Gorondy 


Process Characterization of Dry-Film 
Solder Mask Lamination, by Dave R. 
Moffett and Deborah Taylor 


Electrical Performance of Photoreactive 
Solder Mask, by Michael J. Barmuta 


Optimization of the Dry-Film Solder Mask 
Process, by T.S. Hsu and C.A. Camp 


Tented Via Holes, by Thomas G. McDowell 
and David A. Vaughan 


The Solder Mask Saga, by Michael Weinhold 


Solder Mask Testing for Hi-Rel PCBs, 
by Frank Juskey 


Pads-Only Technology, by A.M. Rollo 


Using Peelable Solder Mask, by Ken 
Simonelic 


Why Use a Wet-Dry Solder Mask?, 
by Michael Johnson 


Photoimageable Solder Masks, by Verne 
Kurisu 


Toward Manufacturing Excellence, 
by Michael Johnson 


STANDARDS AND 
SPECIFICATIONS 


The MIL-P-55110C Certification Program, 
by Jerry Kirschenbaum 


The New IPC Solder Mask Specifications, 
by Stanley D. Koch 








A Look into Future Amendments and 
Revisions of Commercial Mil Specs, by 
George A. Smith 


Proven Steps to Certification: MIL-P- 
55110, by Sam E. Lagnese 


Military Printed Circuit Boards, by Steve 
Grossman 


What's Your Military IQ?, by Randy Larson 


MIL-P-55110D Conversion, by Stephen M. 
Breit 


DOD-2000 and the Board Builder, by Ray 
L. Wallner 


National Standards for Total Quality 
Through SPC, by William C. Ross 


MIL-P-55110E or MIL-P-XXX Update, 
by Marty Jawitz 


MIL-STD-275, by Gary Ferrari 
MIL-P-13949G, by Scott S. Opperhauser 
IPC-SM-840, by Roger Landolt 


An Overview of Commercial and Military 
Packaging, Part 1, by Foster Gray 


Controlled Impedance in Printed Circutt 
Boards, by Carolyne J. Lerch 


An Overview of Commercial and Military 
Packaging, Part 2, by Foster Gray 


An Overview of Commercial and Military 
Packaging, Part 3, by Foster Gray 


A Quality Survey to MIL-I-45208, by Carl 
Brogado 











SURFACE-MOUNT . 
TECHNOLOGY 


SMT and the Independent PCB Producer, 
by Michael O. Flatt 


Multiwire Boards and Surface Mount, 
by Pawel Z. Chadzynski 


Understanding SMT 


Designing SMT PWBs for 
Manufacturability, by Dennis J. Cantwell 
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Dry-Film Solder Masks for High-Density 
SMT Boards, by Larry J. Fisher and Leo Roos 


Producing Tin/Lead Thickness 
Requirements for SMT, by Stephen R. 


Dwyer 


Hot-Air Leveling Surface-Mount PWBs, 
by Gary Weidner 


Surface-Mount Success: Redesigning the 
Process, by Gene Hendrickson and Larry 
Neitling 


Making the Change: PTH to SMT, 
by Anthony M. Lore 


SURFACE 
PREPARATION 


Surface Analytical Techniques, by M.E. Gill 
and Joe Guerra 


Pumice—The Return of an Old Process, 
by Umberto Aiassa and John Vellturo 


PWB Preparation for Application of 
Solder Mask, by Daniel W. Hudson and David 
A. Vaughan 


Fluxing and Cleaning Study of 
Reflowed/Fused Boards, by Donald F. Ball, 
Emery J. Gorondy, and Jeanne D. Kitazaki 


Surface Preparation, by Bob Doughton 


Surface Preparation for Fine-Line 
Production, by Colin Raistric 


Chemical Cleaning and Microetching of 
Copper, by Dr. Allan Reed 


Choosing the Proper Abrasive, by Joseph 
Williams 


Organic Surface Contamination 
Revisited, by Marta M. Minadeo and George 
A. Smith 


Surface Preparation and Dry-Film 
Performance, by Glenn R. Carter 


Surface Preparation Requirements for 
Fine-Line Processing, by 1. Artaki, M.H. 
Papalski, S. Siddiqui, K.D. Pontoni, and A.L. 
Moore 


The Questions of Surface Preparation: 
Mechanical or Chemical, by Gary A. 
Weidner 














Apr. 90 


May 90 








TEST AND INSPECTION 


Acceptability of Printed Boards, by the IPC 


Microresistance Measurement 
Techniques, by Michael D.Stebel 


Update of Performance of Measled PCBs, 
by George A. Smith 


Find PC Board Defects Before the 
Customer Does, by Design Circuits 


Testing of Nonpopulated PC Boards, 
by P. Mang 


Optical Inspection of PCBs: Competition 
or Adjunct to Electronic Testing?, 
by C.H. Lang 


Clarification of Printed Circuit 
Microsection Requirements, by John 
Strohmer and George Smith 


Laminate Testing, by J.L. Robertson 


Optimization of Bare-Board Testing, 
by Ralph Giusti 





Scaled Flow for Testing CRC Prepreg, 


by Joseph Del, Paul Marx, and Jerome Sallo | p. 4 


An Argument for Bare-Board Testing, | 
by Testerion 


The Computerized Test Laboratory, 
by George Keremedjiev 


The Challenges of Automatic Optical 
Inspection, by Douglass M. Domres and 
James MacFarlane 


If You Had to Pick Just One, by Brian 
McCrory 


Test Engineering Choices, by Louis Y. Unger 


X-Ray Thickness Measurement for PCBs, 
by Paul Petruna 


Simple Sampling, by Joseph Berkowitz 


Lifted Plated Through-Hole— Yea or Nay?, 
by Joe Keller 


Measuring Plating Thickness, 
by T.D.T. Latter 


The Effect of Coating Imperfections on 
Thickness Testing, by Jack Montgomery 
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Jul. 80 


Nov. 80 


Nov. 80 


Jun. 81 


Nov. 81 


Nov. 82 


Nov. 82 


Nov. 82 


Nov. 82 


Nov. 82 


Nov. 83 





X-Ray Considerations for Inspection of 
Multilayer Boards, by Gilbert Zweig 


Reliability Testing of Thin-Core Laminate 
and Prepreg, by J.T. Bartholomew and A.R. 
Senese 


Quality Products: The Bottom Line, 
by James Miller and William Archer- 
Burton, Jr. 


The Answer to High-Volume PCB Cross- 
Sectional Analysis, by James A. Nelson and 
Robert Zimmer 


Gel Permeation Chromatography 
Analysis, by John Helfrich 


Electrical/Electronic Reliability 
Considerations in PWB Manufacturing 
and Assembly, by Frank M. Zado 


IPC Testing Committee: Update, by George 
A. Smith 


Automatic Optical Inspection for PCB 
Manufacturing, by Amos Michelson 


Inspection System Requirements, 
by Dr. Shimon Ullman 


Desoldering Components from High- 
Density PCBs, by James K. Bausell 


The Significance of Electrical Bare-Board 
Testing, by John I. Braddock 


Electrical Test and Optical Inspection, 
by Peter C. Albertini, J. Lingamneni, and 
Steven J. Silberberg 














TOPSIDE ACCESS 


NEED CLAMSHELL OR 


Testability Considerations for Bare-Board 
Innerlayer Testing, by George Hroundas 


Optical Inspection: Quality Through 
Prevention, by Robert L. Adams 


Building Solderability into PWBs, by Dan 
Waclawsky 


Process Control with an Automatic 
Titrator, by Ralph E. Dufresne 


Thermal Analysts of PCBs, by John V. Wood, 
PS. Gill, and J.N. Lacken 


Progress is Less Inspection, by John B. 
Adams 


AOI: Paving the Way to Higher Profits, by 
Victor Bunze 


Bare-Board Testing of Multilayers, 
by Bertil Weyde 


Choosing the Test Voltage of a Bare-Board 
Tester 


X-Ray Inspection of Multilayer PCBs, 
by Gilbert Zweig 


Engineering Change Orders, by Caryl 
Salyers 


Measuring PTH Copper Ductility, Part 1, 
by G.L. Fisher, 0.B. Dutkewych, and D.E. 
Storjohann 


AOI: A Technology Whose Time Has Come, 
by Roy McDonald 


AOI: Buying Requtres Special 
Considerations, by Walter H. Morham 


X-Ray System Requirements for 
Multilayer Populated Boards, by Gilbert 
Zweig and Joseph L. Mulcahy 


Electrical Testing of Bare Boards Without 
a Known Good Board, by Larry Wysocki 


Measuring PTH Copper Ductility, Part 2, 


tn cs by G.L. Fisher, 0.B. Dutkewych, and D.E. 
FOR FAST AND ACCURATE TEST FIXTURE WIRING. Storjohann 
UNIVERSAL TEST FIXTURES BUILT WITH 
1.1°, 2°, 2.5° OR 3.75° SOLID TEST PROBES. 
NETLIST AND CAR FILES AVAILABLE UPON REQUEST. 


IF QUALITY, PRICE, DELIVERY OR TURNAROUND ARE 
IMPORTANT TO YOU GIVE US A CALL TODAY. 


TQ C TESTLABS What to Look For in a Testing Service, 


LOCATED seantiiooane or by Jim Axton and Susan Moore 


CALIFORNIA'S SILICON VALLEY 


Environmental Testing Requirements for 
Military Boards, by George A. Smith 











Fourth-Generation Qualification Test 
Circle No. 29 Circuitry for the 1990s, by George A. Smith 
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AOI Evaluation, by Gregory Blake 
User Experiences with AOI, by lan G. Lang 


AOI Fine-Line Inspection, by Dewey Clines 
and Frederic Basset 


AOI: A New Look at Error Detection Logic, 
by Dan Driscoll 


Using AOI Systems to Inspect Artwork, 
by Barry L. Fox 


Advanced Guide-Plate Fixturing, 
by Dave Tikal, Robert Henningsgard, and 
Daniel Stover 


Conductive Inclusions in FR-4 Laminate, 
by John M. Kuene 


An HPLC Study of Acid Copper Brightener 
Properties, by Jonathan Reid 


Eliminating the Effects of Bromine in 
Metal Deposition Testing, by Russell Klein 


PCB Test Consideration from A to Z, by Al 
Dentino 


Testing Service Viewpoint, by Donna J. 
Esposito 


Overview of AOI Systems, by Kevin 
Landman 


The Ground Plane, by Brian Carignan and 
Julian Powell 


AOI in the Photoimaging Room, 
by Rosemarie G. Ino 


An Eye on the Future, by Sandy Lax 


Reflective vs. Nonreflective Image 
Acquisition Technologies, by David J. Nims 


CAD Interface to ATE, by Girroy E. Mansur 


An Off-Grid Bare-Board Test Technique, 
by E.J. Leddy, R.C. Moore, J.M. Short, and 
TH. Tiefel 


Fixture Optimization for SMT PCBs, 
by Denis Speights 


Assisting Automated Cross-Sections, 
by Michael K. Walsh 


Image Enhancement for X-Ray Inspection 
of MLBs, by Joseph E. Pascente 


Fixtures for Electrical Test, by Michaela 
Brody 








Nov. 87 


Nov. 87 


Nov. 87 


Nov. 87 


Dec. 87 


Dec. 87 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 


Nov. 88 





Inspecting Surface-Mount Land Patterns, 
by Kevin Landman 


XPS and LIMS, by A.M. Hirt, I. Artaki, F. 


Radicati, R.W. Odom, A.H. Jabbar, and K.L. 
Morton 


Verification: The Neglected Portion of 
AOI, by Douglas A. Blakeslee 


AOI Vendor Update, by Donna J. Esposito 


The Search for the True Golden Panel, 
by S. Dolberg and M. Kovarsky 


How to Select and Use a Test Service, 
by Joseph M. Creeden 


Controlling the Quality of Bare-Board 
Test, by Lew Wentworth 


The Voltage Controversy, by Michele Paige 
and Donald M. Hague 


Radiographic NDT Quality Control, 
by William E.J. McKinney 


CAD Reference for AOI, by Julian Powell 
and Brian Carignan 


Quality in a Consortium of Printed 
Circuit Board Producers, by C. Ripamonti 
and B. Petracco 


The “Syntegration” of the PCB Fab Shop, 
by Robert S. Wright 


Bare-Board Testing and Pad Damage, 
by Allen Aksu 


The Analytical Technique, by Roy Lloyd 


Setting Up an Automatic AQI Department, 
by Rosemarie G. Ino 


Problem Solving with SEM/EDX, by Claudia 
J. Lazar 


The Future of PCB Testing, by Dennis 
Colbert 


The Next Generation of AOI, by Arthur 
Zwern, Keith Doyle, and Hanan Gilutz 


The Right Continuity Test Parameters, 
by George Hroundas 
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WET PROCESSING 


Mechanical Cost Considerations of Wet 
Processing, by John DeVries | p. Jan. 82 


The Breaking Point, by Tom Steinhoff | p. May 86 
Better Surface Finishes, by Frank Smith _| p. May 86 


The Combined Approach, by Gerald Krulik, | 
M.A. Lipson, and Steve Davis Aug. 86 


Direct Metallizing Technology, by Robert 
B. Lomerson j Aug. 86 


Chloride Ion Concentrations and 
Purification Practices, by Jack F. Gornall | p. 42 | Aug. 86 


Board Processing—Final Rinsing, | 
by Jeanne D. Kitazaki |p. 62 | Aug. 86 


Vertical Conveyorized Processing, 
by Hubert Rosch ' Oct. 86 


Automated Wet Processing—An 
Overview, by Steve Siniscalchi f Nov. 86 














When 
LOOKING 


for Wet Processing Equipment 


CALL 
FAR WEST EQUIPMENT 


We're more than equipment 
dealers. Far West provides recon- 
ditioned equipment with war- 
ranties. Plus we have spare parts in 
stock. 
We also have: 
Drillers 
Laminators 
Scrubber/Deburrers 
Etchers/Strippers 


We have plating equipment to 
your specifications. 














805/656-6600 
FAX 805/525-6565 


Circle No. 31 





D.E.M. 
BUILDS 


Better wet process systems 
for PC fabrication. Built to 
engineering standards so 
advanced, the performance, 
durability and maintenance 
are simply better. 

Process engineers who set 
the standards — Hughes, 
Buckbee-Mears, Spectra and 
others — purchased D.E.M. 
Shouldn't you? 


D.E.M. We Build Better. 
Call us at 514-725-2401, 
800-361-4080 in the U.S., 
or fax us at 514-725-5219. 











Circle No. 30 








How to Solve Spray Problems, by Edward 
Grabecki 


Clearing Up Pink Ring, by Scott 
Opperhauser 


Optimizing the Oxide Process, by John 
Cordani 


Pink Ring: Beyond Surface Inspection, 
by Patricia J. Goldman and Eric J. Stafstrom 


Computer-Aided Laboratory Process 
Control, by Mike Matthews and Dave Davis 


Monitoring Contamination, by Deepak N. 
Swamy and William L. Dore 


Finding Resolution Capability and the 
Process Window, by Neng-hsing Lu and 
S. Siddiqui 











In-Tank Filtration/Solution Purification, 
by Gene Horvath 


Rediscovering Oxides, by Charlene Boarts 
and Rudy Sedlak 


Solder Stripping Problems, by Rudy Sedlak 
Proprietary Treatments for Copper Pads, 
by Patricia J. Goldman and Stephen J. 


LaCroce 


The Newest Wet Processing Plant in the 
Business, by Jerry Murray 


What's New in Wet Processing, by Jerry 
Murray 


Electrochemical Processes, by Luther E. 
Vaaler 


Gauging Copper Thickness 





ASSEMBLY SIDE 


The Analysis of Solder Ball Problems, 
by Ben M. Ghamami 


Surface Attachment—The Components 
are Coming Together, by Harvey Miller 


Fine Lines in a Three-Dimensional 
Interconnect, by John A. Scarlett 


Polymer Thick Film: The Quiet 
Revolution, by Wayne Martin 


Polyimide-Quartz: A Chip-Carrier- 
Compatible Laminate Material, by Bruce 
Mahler 


Surface-Mounted Hybrids, by John W. 
Brundage 


See, Feel and Touch, by Richard W. Mueller 


Soldering Process vs. the PC Board, 
by Edward F. Duffek 











Terminal Strip Facilitates PCB Changes, 
by NASA 


Trends in Western Electric Circuit Pack 
Manufacture, by Michael P. Cassidy, Bruce 
C. Fichter, and Anthony G. Lubowe 


Receiving Printed Circuit Boards, 
by Gordon W. Trowbridge 


Circuit Board Solderability, by John C. 
Mather 


An Ancient Art in Space Age Electronics, 
by Cesare Frustaci 


Automated Surface-Mounted Assemblies, 
by Phil Marcoux 


PWB Solderability: Does Anybody Care?, 
by Ralph W. Woodgate 


Interconnection Electronics in the Mid 
‘80s: A Summary and Overview, by John W. 
Balde 


Automatic Visual Testing—A New Class of 
Testing for PCBs, by Stephen P. Denker and 
Judy Cobb 
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Effects of Nontonic Water-Soluble Flux 
Residues, by Frank M. Zado 


Surface-Mounted Component Technology 
in Europe, by Klaus Kreft 


Solder Paste: A Key Innovation for PCB 
Manufacturers, by Donald P. Anjard, Sr. 


Solderability Defined—to Avoid User 
Complaints, by Dan Waclawsky 


Printed Hybrid Technology, by P.G.G. 
Hamilton 


CROSSTALK 


10 Common Areas of Miscommunication 
Between Designer and Fabricator, by John 
A. Biancini 


Incoming Inspection Criteria, by Howard 
H. Manko 


The State of Drill Tapes, by Lee Ritchey 
Hidden Problems in Ionic 
Contamination, by Kella J. Knack and 
Robert M. Cherf 


Meeting Designers’ High-Density Needs, 
by Gin DeCamp 


Military PCB Procurement—The User's 
Viewpoint, by Sherman A. Ford 


Impedance-Controlled Boards: Designing 
for the Future, by Linda L. Rogers 


In Search of the Perfect Board, by Sherman 
A. Ford 


Rigid-Flex: Designing Smarter, Not 
Harder, by Dennis J. Cantwell 


A User’s Viewpoint of SMT Boards, by Glyn 
Jackson 


The Misplaced Interface, by Edward A. Dina 


PCB Finishes for Surface-Mount 
Technology, by William B. Miller 


Increasing PCB Solderabtlity, by Bruce 
Green 


Who is Responsible for Controlled 
Impedance?, by Lee W. Ritchey 




















Ionic Contamination, Plague of the 
Electronics Industry, by Abayomi I. Owei 


Laminates: PCB Manufacturing Begins 
Here, by Mike Brody 


Etching Basics, by Brooke Fix 


A CAD/CAM Primer, by John Krouse and 
C.H.“Pete” Link 


Artwork Processing, Part 1, by Raymond H. 
Clark 


Teaching Tom to Drill, by James F. Riley 


Pollution Control in the Printed Circuit 
Industry, by B.A. Whalen 


Selecting an Abrasive Media, by James D. 
Resha 


Electroplating: The Pattern Builder of 
PCBs, by Edward F. Duffek 


A Multilayer Primer, by David R. McGowan 


The Work of the Manager, by Peter F. 
Drucker 


Dry-Film Solder Masks, by Larry J. Fisher 


Bare-Board Testers—Past, Present and 
Future, by H.H. Bud Hughes 


Specifying Laminate Materials, by Mike 
Brody 


Hints for Effective Processing of Diazo 
Phototools, by Maurice Powers 


The Basics of Robotics, by Ray Hinson 


Drilling: Quality Comes First, by Rick L. 
Bracken and Greg Mince 


Industrial Wastewater Treatment— Why 
and How, by Michael Marino 


Routing Laminates, by Leland E. Tull 


Applying the Electronic Bare-Board Test 
to PWBs, by Timothy F. Mathews 


The Printed Circuit Design Process 
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Feb. 90 





CAD/CAM Overview, by Daniel J. Bowman 


Entry and Backup Materials, by Donna J. 
Esposito 


Selected Solder Coating and Hot-Air 
Leveling: Mystery or Science, by Gerry Bush 


Multilayer Manufacturing, by Richard R. 
Douglas p. 91 
The Manufacture of Laminates, by Chris 


Garlington p. 88 





Pollution: Sources, Compliance, Control 
and Cost, by Victoria Allies | p. 88 
| 

CAM Systems, by Jeff Stohl | p. 87 
The Process of Quality Improvement, 
by Shari Frank p. 110 
Photoimageable Solder Masks, by Ren 


Sanscrainte p. 110 


ENVIRONMENTAL 
BSUS 


Pretreatment Automation and 
Computerization 


OSHA Recordkeeping Requirements 
Hazardous Waste Regulatory Update 


Hazardous Waste Remedial Action Case 
Histories 


OSHA Standards Update 


Regulatory Enforcement—Use of 
Administrative Penalties 


SARA Reporting 


OSHA Hazard Communication Standard 
Update 


Land Disposal Bans 

Final Rule on Formaldehyde 

Waste Treatment Optimization 
Occupational Exposure to Formaldehyde 


Site Assessment for Hazardous Material 
Releases 











Feb. 85 


Apr. 85 


Oct. 85 


Jul. 89 


Mar. 90 


Jun. 90 


Jul. 90 


Sep. 90 


Oct. 90 








Land Disposal Bans Update 


Proposed Rule to Reduce Permissible 
Exposure Limits 


Federal Storage Tank Regulations Update 


Radon: A Perspective for the 
Manufacturing Industry 


The Financial Responsibility for 
Petroleum USTs 


Ozone Attainment and VOC Control 
Impacts on PCB Manufacturers 


Part 1: Hazard Communication Program 
Development and Implementation 


Part 2: Hazard Communication Program 
Development and Implementation— 
Chemical Inventory 


Part 3: Hazard Communication Program 
Development and Implementation—Data 
Sheet Completion 


Part 4: Hazard Communication Program 
Development and Implementation— 
Labeling/ Written Hazard 
Communication Program 


Spill Response: Does OSHA 29 
CFR1910.120 Apply to You? 


Operator Certification 

Title 29 CFR Part 1910.120(q) Training 
Categories: Has Your Facility Been Faced 
With Biological Toxicity Criteria Yet? 
The New Toxicity Characteristic Rules 


Toxicological Risk Assessment and 
Environmental Releases 











FOCUS ON 
FABRICATORS 


Dibble Electronics 
Photogene Corp. 
Printed Circuit Corp. 
Dynacircuits 

Excel Circuits 
McCurdy Circuits Inc. 
M.LT. Lincoln Laboratory 
Quality Circuits 
Canadian Marconi Co. 
Copper Foil Corp. 
RDF Electronics Inc. 


Galdine Electronics Inc. 


Hughes Aircraft Co., Ground Systems Group 


National Technology 

Owen Printed Circuits 
International Circuit Technology 
Automated Systems Inc. 
Basler Electric Circuits Inc. 
Gerard King Studios Inc. 
Sanders, Flexprint Division 
Circuits DMA 

Graphic Research Inc. 
Qualitron 

Kimco Manufacturing Inc. 
Multiplex 

Digital Equipment Co. 
Microfab Inc. 

Pho-Tronics Inc. 


San Jose Circuits 











Kalmus and Associates 

Sun World Circuits Inc. 

Xerox Corp. 

Printex Electronics Inc. 

Praegitzer Industries Inc. 
Diversified Systems Inc. 

The Hamby Corp. 

McDonnell Douglas Astronautics Co. 
Consolidated Design Inc. 

Quality Printed Circuits Corp. 

Circo Craft Co. Inc. 

Bell Industries, Electronic Systems Division 
Omni Circuits 

Henri Jaquet SA 

Metropolitan Circuits Inc. 

Hallmark Circuits 

Printed Circuits Inc. 

Benchmark Technology 

Graphico Precision 

Norcal Tec Inc. 

The Honeywell Printed Circuit Board Facility 
Koboway Inc. 

Maine Electronics 

Logan Circuits Inc. 

Mesa Circuits 

Hadco 

Hewlett-Packard, Boise Division 
CTS Printex 

Parlex Corp. 

Kollmorgen Corp., Multiwire Division 
Progressive Circuit Products Inc. 


Avnet Technologies Inc. 
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Q-C Circuits Corp. 

Circuit Center Inc. 

Prestwick Circuits Ltd. 

Trend Circuits 

Soladyne 

Circuit Systems 

Quick Circuits Ltd. 

Pacific Circuits 

Microtronics 

Citation Circuits 

Tektronix 

Photo Print Electronic GmbH 
Basic Electronics 

Century Circuits & Electronics 
Conejo Circuits 

TDS Circuits 

Exacta Circuits Ltd. 

Oxford Products Inc. 
Sheldahl Inc. 

Martin Marietta 


Motorola Inc., Government Electronics 
Group 


Printed Circuit Builders Inc. 
Circon 

Xcel 

Kalmus & Associates Inc. 
Buckbee-Mears. St. Paul 


ECC Corp. 


Multi-Fineline Electronix Inc. (M-Flex) 


Ruwel 
Northwest Printed Circuits Inc. 


PSI Star 














Hallmark Circuits Ltd. 
Precision Prototypes Inc. 
Xytronics Inc. 

Electrotek 

Sierracin Transflex 

Circo Craft 

Cuplex 

Tri-Circuits Inc. 

Marlo Electronics Inc. 


Philway Products Inc. 


Triangle Circuits of Pittsburgh Inc. 


AiResearch Tucson Division 
Teradyne Circuits Operation 


Collins Printed Circuits Division of Rockwell 
International 


General Circuits Inc. 
Sovereign Circuits Inc. 
Altron Incorporated 


Continental Circuits Inc. 





MARKET MEASURES 


The Perils of Board Inspection, 
by Dr. Susan Carley 


The Electronics Industry and Election 
Year Politics, by Dr. Susan Carley 


Let the Good Times Roll, by Dr. Susan 
Carley 


Multilayer Boards: Profits and Headaches 
May Go Hand in Hand, by Dr. Susan Carley 


Our First Panel Survey Reveals Strong 
Growth in MLB Orders, by Dr. Susan Carley 


Our Recent Pricing Survey Reveals 
Growing Industry Specialization, by Susan 
Carley and Beth Stenz 


Off-Shore Competition Remains Number 
One Concern, by Beth Stenz 


“Heard in the Halls” Analysis Reveals 
Market Conditions and Trends, by Philip J. 
Lapin 


Production Scrap as a Component of 
Profit, by Beth Stenz 


Surface-Mount Technology: A Market 
Impact Analysis Based upon End-User 
Attitudes, by Philip J. Lapin 


Profile of the Board Buyer, by Beth Stenz 
PC FAB EXPO 85: An Overview of the 
Marketing Workshop Session, by Philip J. 
Lapin 


Printed Circuit Fabrication Capabilities 
Study, Part 1, by Beth S. Stenz 


Printed Circuit Fabrication Capabilities 
Study, Part 2, by Beth S. Stenz 


The U.S. Outlook for Multilayer Printed 
Wiring Consumption Through 1989, 
by Phil Lapin 


PC FAB EXPO 85: San Jose Marketing 
Workshop Highlights, by Donna J. Esposito 


The Circuit Board Maker in 1985, by Philip 
J. Lapin 


PC FAB Pricing Survey, by Donna Esposito 


PC FAB EXPO 85: Boston Marketing 
Workshop Overview, by Philip J. Lapin 











Marketing Workshop Review, by Mike 
Brody 


One Last Look at 1985, by Mike Brody 


Opportunities for Optimism, by Clifton K. 
Snuffer 


Surviving the Industry Downturn, by John 
A. Young 


The PC FAB Spring 1986 PWB Industry 
Forecast, by Phil Lapin 


Forecasting Sources and Techniques, 
by Mike Brody 


Executive Interviews, by Donna J. Esposito 
Market Trends in Multilayer Printed 
Wiring, by R.E. Henderson and Dr. W.E. 
Loeb 

Telemarketing, by Mary Martin 

Profile of the Northeast PCB 
Manufacturers, by Steve Grossman and 


Sharon Wear 


1986 Printed Circuit Board Pricing 
Survey, by Donna J. Esposito 


The High-Density PWB Market, by Gary B. 
Roush 


PWB Price Forecasting, by Greg Hunt 


Offshore Response to the 1986 Pricing 
Survey, by Donna J. Esposito 


Electronic Industry Forecast Update, 
by Edward Henderson 


A Better Crystal Ball?, by Roger Tyler 
PWB Pricing and Cost Analysis: 
Developing a Job Costing System, by Greg 
Hunt 

PWB Pricing and Cost Analysis: When 
Actual Job Costing is Too Costly, by Greg 
Hunt 

The Exotic PCB Market, by Philip J. Lapin 
SMT User Needs—A Survey, by Don Brown 


Future Sticker Shock: Automotive 
Electronics, by Edward Henderson 


1987 Printed Circuit Board Pricing 
Survey, by Donna J. Esposito 
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The World Market for PCBs, by Philip J. 
Lapin 


Blue Monday, by Donna J. Esposito 


Postcrash Assessment of Electronics 
Industry Prospects, by Edward Henderson 


Managing for Survival, by Roger L. Tyler 


Technological Changes Affecting the PCB 
Industry, by Joseph P. Martino 


PCBs in the United Kingdom, by Roger L. 
Tyler 


NECQ: What Is It? Who Needs It?, by Ray 
Kehn 


1988 Printed Circuit Board Pricing 
Survey, by Donna J. Esposito 


PCB Industry Faces Major Changes and 
Dramatic Opportunities 


Update of PCB Technology for Surface 
Mount, by Jo Wynschenk 


European PCB Prices, by Michael Hannon 


Technical Cost Modeling for PCB 
Fabrication, by Lee H. Ng and Frank R. Field 


Surface Mount Technology is 
Transforming the Electronics 
Industry 


New Directions for Electronic Chemicals, 
by Eric P. Vogelsberg 


Industry Canvass Yields Costing Worries, 
by Donna J. Esposito 


The Marketing Plan: Minding Your Own 
Business, by William Sappington 


Capital Investment for the Future, 
by Douglas A. Blakeslee 


1989 Annual Board Pricing Survey, 
by Donna J. Esposito 


The PWB Industry: Toward a More 
Balanced View, by Harvey Miller 


European PCB Industry Changes, 
by Michael H. Hannon 


The Multilayer PCB Industry in Japan, 
by Masamitsu Aoki 


Pricing Reflects Complexity in the PCB 
Market, by Donna J. Esposito 








Nov. 87 


Dec. 87 


Jan. 88 


Feb. 88 


Mar. 88 


May 88 


Jun. 88 


Sep. 88 


Nov. 88 


Jan. 89 


Feb. 89 


Mar. 89 


Jun. 89 


Aug. 89 


Sep. 89 


Oct. 89 


Nov. 89 


Dec. 89 


Mar. 90 


Oct. 90 


Nov. 90 


Dec. 90 





SAFETY 


Silicon Wafer Plant Shares Safety System 
Scoring Points for Safety 


DEC-Tempe’s Plant Emergency 
Organization 


Safety and Plating Equipment, by Ken 
Hopfensperger 


OSHA: An Overview for Printed Circuit 


Manufacturers, 
by Arthur N. Mabbett 


Design and Implementation of a Worker’s 
Right to Know Program, by Dan Hernandez 


Cleanroom and Clean Workstations 
Applications, by Jim Cost 


Keeping Your Hearing Healthy, by Howard 
Spellman and Christine Felger 


M.S.D.S.—A Form(ula) for Safety, 
by Susan Venell 


X-Ray Precautions, by Gilbert Zweig 


Safety: Is Your Facility Fireproof?, by John 
E. Vaughan 


Preventing PCB Plating, Etching and 
Cleaning Fires, by Tom Richards 


A Right Approach to “Right to Know,” 
by Larry W. Stout 


Coping with the Casualty Insurance 
Crunch, by Larry W. Stout 


Starting an Effective Safety Program, 
by J. Brett Carruthers 


Help is Only a Phone Call Away, by J. Brett 
Carruthers 


Dealing with the Human Element in 
Injury Prevention, by J. Brett Carruthers 


A Safe Christmas to All, by J. Brett 
Carruthers 


Hazard Communication—Are You Ready 
Yet?, by J. Brett Carruthers 


Now Hear This!, by Anita C. Ryback and 
Cathy E. Kurth 
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Flammable Liquids—Handle With Care! 
Part One: The Basics, by J. Brett Carruthers 


Flammable Liquids—Handle With Care! 
Part Two: Drum Storage and Dispensing, 
by J. Brett Carruthers 


Environmental Compliance—Why You 
Ought to Audit, by J. Brett Carruthers 


Safety Program Outline 


Flammable Liquids—Handle With Care! 
Part Three: In-Plant Storage, by J. Brett 
Carruthers 


Tomorrow’s Headlines—Will You Be 
Next?, by J. Brett Carruthers 


Fighting Substance Abuse in the 
Workplace, by J. Brett Carruthers 


Hazard Communication: Right-to-Know 
Pre-emption Update, by Mabbett, Capaccio 
& Associates Inc. 





VENDOR REVIEW 


Etchomatic Inc. 

Gyrex 

CLEAR Systems 

Chemcut Corp. 

Chemelex 

Tetko 

Du Pont Riston 

Tulon Inc. 

Carbide Products 
Micro-Plate 

Janoff Associates Inc. 
General Electric Laminates 
L.C.0.A. 

Chemical Etching Equipment & Safety 
D.A.C. 


NAPCO 





Polyclad Laminates 














Technics West Inc. 

Precision Carbide 

Inland Specialty Chemical Corp. 
Spiral Step Tool Co. 

Trace Laboratories 
Apostle/Nelson Inc. 

M & T Chemicals Inc. 
Enthone 

DMP Corp. 

Precision Laminates 

Hunt Chemical 

Haviland Enterprises 
Lamination Systems Inc. 
Advanced Controls 
Hubbard-Hall Chemical Co. 
Delson Labs 

Advanced Dielectrics 
Western Technology Associates 
Dynachem 

Circuit Systems 

J & D Engineering 
Aluminum Mills Inc. 
Testerion Inc. 

LeaRonal Inc. 

Norplex 

Polymer Plastic Corp. 
Argus International 
Optrotech 

Nelco Products Inc. 
Tamarack Scientific Co. Inc. 
Westinghouse, Micarta Division 


Precision Carbide Tool Co. Inc. 


04 











Electrochemicals 

Hercules Inc. 

Johnson & Johnston Associates 
MacDermid Inc. 

Multiline Technology 
Chemline Industries 

Martek Inc. 

Mabbett, Capaccio & Associates Inc. 
Century Laminators Inc. 
Precision Art Coordinators 
Tulon Inc. 

The Mica Corp. 

Quintec Industries 

Shipley Co. Inc. 

Advanced Plasma Systems 
Memtek Corp. 


Baker Bros. 


Training ’n’ Technology Inc. 


Solder Station One Inc. 
The Glenbrook Co. Inc. 
Wand Tool Co. Inc. 
Technical Machine Products 
J & S Laboratories 
Vero 

Sun Chemical 
Alchemitron 

Dorniver Ltd. 

STS 

ETD Technology 
Lincoln Laser 


HBS Equipment 














Mesa West ' Oct. 86 | C.A. Picard 

Robbins and Craig : Nov. 86 | CMI International 

M & T Chemicals Ltd. : Nov. 86 | Eastman Kodak Co. 
Federal Mogul, Metal Removal Division ; Dec. 86 | Advanced Systems Inc. 
Start Manufacturing Inc. Jan. 87 | RBP Chemical Co. 
Candela Systems Ltd. Feb. 87 | Optrotech Ltd. 


Veratronic Ltd. Feb. 87 | Chemcut Corp. 





Alpha Metals Feb. 87 | Gerber Scientific Instrument Co. (GSI) 





Carl Brincker A/S ’ Apr. 87 





Scitex Apr. 87 
Optical Radiation Corp. ; May 87 
W.R. Grace Jun. 87 


C.A. Picard Jul. 87 
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